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‘Performance  tests  were  conducted  on  two  new  M9\5Jradiators  to 
develop  requirements  needed  for  solicitation  of  flew  materiel  sources. 

These  requirements  were  not  previously  available  to  TACOM  and  due  to 
the  lack  of  M915  radiators  in  the  Army  Supply  System,  a  need  was  warranted 
for  requirement  testing  and  development.") 


'Testing  was  conducted  in-house  at  TACOM's  air  flow  lab  facility,  in 
a  joint  effort  between  AMSTA-RGD  and  AMSTA-TBM,  during  the  months  of 
April  and  May  1990.") 


'Results  were  reviewed,  adopted  and  provided  to  the  sponsoring  organization, 
SFAE-CS-TVH.  //  ,  . 
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1.0.  INTRODUCTION 


fliis  report  describes  the  cooling  test  program  of  the  M915  tractor  truck 
radiator  which  was  conducted  to  develop  the  performance  requirements 
needed  for  competitive  procurement.  The  test  requirements  and  report 
were  developed  by  the  Transmissions  and  Integration  Brandi  of  the 
Propulsion  Systems  Division,  U.S.  Army  Tank -Automotive  Command  (TACCM) . 


2.0.  OBJECTIVE 

The  primary  objective  of  this  program  was  to  conduct  cooling  performance 
testing  of  two  new  radiators  to  develop  performance  requirements  for 
inclusion  onto  a  level-3  drawing  to  be  used  for  competitive  procurement. 


3.0.  CONCLUSIONS 

3.1.  The  heat  rejection  for  the  power  pack  is  approximately  10,650 
BTU/imin  (10,250  BTU/toin  for  engine,  400  BTU/min  for  transmission  and 
other  components)  (see  Appendix  A) .  This  radiator  was  able  to  meet  the 
cooling  requirement  for  each  test  run,  based  on  test  derivation  from 
MIL-R—45306C. 


4.0.  RECOMMENDATIONS 

4.1.  Use  the  test  data  as  performance  criteria  and  combine  with  other 
standard  radiator  requirements  for  incorporation  into  a  M915  radiator 
level-3  drawing  (see  Appendix  B) . 

4.2.  Perform  similar  testing  on  all  other  military  radiators  without 
government-owned  TOPS  to  develop  individual  radiator  performance 
requirements.  This  would  preclude  shortage  problems  arising  from  sole- 
source  acquisition. 

4.3.  Establish  an  improved  quality  inspection  procedure  for  the 
radiators  either  at  the  manufacturer's  facilities  or  upon  arrival  at 
Army  depots. 


5.0.  DISCUSSION 
5.1.  Background 

The  lack  of  radiators  in  the  Army  Supply  System  and  the  delays  in 
delivery  from  the  sole-source  supplier  created  a  need  to  investigate 
additional  sources.  In  order  to  solicit  additional  sources,  radiator 
performance  requirements  were  needed.  The  absence  of  a  government-owned 
Technical  Data  Package  (TOP)  brought  about  this  investigation  to  develop 
performance  requiranents  for  the  subject  radiator. 
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The  performance  testing  was  conducted  at  TACCM'  a  Ait  Flow  Laboratory  from 
April  1990  through  May  1990. 

5.2.  Scope  and  Limitations 

The  unavailability  of  radiators  in  the  Army  Supply  System  limited  the  amount 
of  samples  to  be  used  for  'zesting.  The  two  test  radiators  were  received  from 
the  depot’s  latest  shipment  of  newly  produced  radiators  delivered  fcy  the 
manufacturer.  The  scope  of  this  report  will  cover  the  testing  that  was 
performed  and  the  development  of  performance  requirements  for  the  M915 
radiator. 

5.3.  Outline  of  Test 

The  test  program  consisted  of  the  following  operations: 

Determination  of  cooling  requirements. 

Development  of  check-out  procedures  and  performance  tests. 

Installation  and  instrumentation  of  radiator. 

Collection  of  test  data. 

Cleaning  and  preparation  of  radiator  for  return  shipment. 

Evaluation  and  reporting  of  test  results. 

5.4.  Test  Material  and  Equipment 

TWO  (2)  M915  radiators,  NSN  2930-01-082-7922,  were  obtained  from  the 
manufacturer  and  were  used  in  this  test  program. 

TAOOM's  Air  Flow  Laboratory  and  associated  equipment  and  instrumentation  were 
used  to  perform  the  testing.  During  heat-rejection  testing,  18  thermocouples 
were  gridded  and  placed  on  each  side  of  the  radiator  core  to  measure  the 
average  inlet  and  outlet  air  temperatures.  Quartz  thermometers  were  used  to 
measure  the  inlet  and  outlet  water  temperatures. 

5.5.  Test  Procedures 

As  no  test  procedure  was  available  for  this  radiator,  MIL-R— 45306C, 
"Radiators,  Engine  cooling,  Industrial"  (see  Appendix  A)  vas  used  to  derive 
test  points  for  the  heat-rejection  data.  Additional  tests  such  as  the  fill- 
rate  test,  maximum  free-flow  rate  test,  and  pressure-cap  test  were  included 
in  the  test  plan  and  were  performed  to  provide  additional  radiator 
performance  data.  These  tests  were  obtained  fran  the  TACCM  Cooling  System 
Design  Guide.  Testing  of  the  radiators  was  conducted  in  various  steps  to 
insure  proper  accuracy  and  to  determine  radiator  characteristics.  The 
details  of  these  steps  are  described  below: 
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5.5.1.  Visual  Inspection  of  Radiators.  Visual  inspection  was  performed  to 
document  any  noticeable  external  defects. 

5.5.2.  Preliminary  Water-Pressure  Test.  With  all  ports  blocked,  the 
radiator  was  completely  filled  with  water  and  pressurized  to  20  psig.  The 
radiator  was  then  checked  for  leakage,  and  results  were  recorded. 

5.5.3.  Air-Pressure  Test.  An  air  hose  was  connected  to  the  radiator  and 
with  all  ports  blocked,  was  pressurized  to  20  psig.  The  radiator  was  then 
submerged  in  a  reservoir  of  water  and  was  inspected  for  air  leaks.  Results 
were  recorded. 

5.5.4.  Flushing  of  Radiators.  The  radiators  were  thoroughly  flushed  with 
water  until  a  clean  fluid  was  seen  exiting  the  radiator.  This  was  done  to 
ensure  that  no  deposits  would  be  present  during  testing  of  the  cooling 
system. 


5.5.5.  Fill-Rate  Test.  With  the  outlet  port  blocked,  the  radiator  was 
filled  to  90  percent  capacity,  and  the  fill  time  was  recorded.  This 
procedure  was  conducted  to  ensure  that  a  five-minute  time  .limit  was  met. 

5.5.6.  Maximum  Free-Flow  Rate  Test.  The  radiator  was  suspended  belcw  a 
receiving  drum  and  connected  to  a  water  flow  system.  The  water  was  adj-.sted 
so  that  a  constant  water  level  of  one-half  inch  above  inlet  port  of  the 
radiator  was  maintained.  Flow  measurements  were  recorded  to  determine  -ie 
maximum  free-flow  rate  of  the  radiator  (see  figure  5-1). 

5.5.7.  Pressure-Cap  Test.  A  standard  pressure-cap  testing  device  was  used 
to  measure  the  relief  valve  setting  of  the  cap. 

5.5.8.  Heat-Transfer  and  Core-Resistance  Tests.  The  radiator  was  mounted  in 
a  wind  tunnel  and  was  tested  at  100,  105,  and  125  percent  of  the  rated 
coolant  flow  specified  in  MIL-R-45306C.  At  each  coolant-flow  rate,  the  heat 
rejection  was  determined  at  the  following  air  velocities: 
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TABLE  6.%  HEAT- 


TEST  CONDmOWS 


Hast  rejection  was  calculated  according  to  the  following  equations: 
A.  Heat  Transfer  -  Heat  energy  absorbed  by  air  flow: 

Q  ■  TtCyU  T 


Where  m  «  Air  flow  rate  (lb*  /minute) 

Cp  ■  Specific  heat  of  air  (Btu/lb-r  /'F) 

IT  ■  Air  Temperature  Difference  (F) 

B.  Heat  Transfer  -  Heat  rejection  from  coolant  flow: 

Q  ■  bCf>L  T 

Vtiere  m  ■  Coolant  flow  rate  (lbrr  /minute) 

Cp  ■  Specific  heat  of  coolant  (BTU/lbrr /* F) 

AT  *  Coolant  Temperature  Difference  ('F) 

5.5.9.  Final  Air-Pressure  Test.  The  Preliminary  Air-Pressure  Test  was 
repeated  to  ensure  that  no  damage  was  made  to  the  radiators  during  testing. 

5.6.  Radiator  Configuration 

The  current  configuration  of  the  M915  radiators  are  crossflow  heat  exchangers 
with  uninterrupted  plain-fin  surfaces  {see  figure  5-2) .  The  core  area  is 
approximately  1200  square  inches,  and  the  coolant  capacity  is  17.25  gallons. 

5.7.  Test  Results 

Hie  following  paragraphs  sunmarize  the  results  of  each  test  that  was 
performed.  For  more  detailed  tabulated  results,  see  Appendix  B. 

5.7.1.  Visual  Inspection  of  Radiators.  Portions  of  the  core  were  missing 
near  both  the  top  and  bottom  tanks  on  both  radiators.  Figures  5-3  and  5-4 
show  these  deficiencies.  Prior  to  start  of  the  Preliminary  Water-Pressure 
Test,  a  thick  yellow  fluid  was  found  inside  sample  #1.  When  the  radiator  was 
filled  with  water,  this  fluid  floated  to  the  top  of  the  water.  In  sample  #2, 
before  filling  the  radiator  with  water,  a  yellowish  brown  fluid  was  found. 
Chemical  analysis  revealed  that  the  characteristics  appeared  to  be  similar  to 
those  of  a  transmission  oil  fluid.  A  detailed  test  report  of  this  analysis 
can  be  found  in  Appendix  B.  No  military  specifications  call  for  a 
preservative  oil  to  be  placed  inside  the  radiator,  however,  the  manufacturer 
could  have  placed  the  fluid  on  his  own  accord.  These  fluids  were  removed, 
and  the  radiators  were  flushed  clean  before  proceeding  with  the  test. 

5.7.2.  Preliminary  Water-Pressure  Test.  No  leakage  occurred  in  either  of 
the  two  radiator  test  samples. 

5.7.3.  Air-Pressure  Test.  A  small  leak  was  noticed  on  radiator  sample  #1 
from  a  bolt  located  below  the  radiator  outlet  on  the  lower  tank.  After  the 
radiator  was  submerged  for  30  minutes,  the  leak  stopped. 
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Figure  5-3.  Radiator  Quality  Deficiencies,  Test  Sample  #1 


Figure  5-4.  Radiator  Quality  Deficiencies,  Test  Sample  #2 


On  radiator  sample  #2,  a  small  leak  was  initially  cited  at  the  soldering 
joint  between  the  fillemeck  and  the  top  tank.  This  leak  gradually  became 
worse  and,  upon  stabilization,  was  measured  at  21,660  ml/mi n  (5.722  GPM) . 

5.7.4.  Flushing  of  Radiators.  Both  test  radiators  were  flushed  out  with 
water  to  ensure  that  clean  cooling  systems  would  be  used  during  the  heat 
transfer  test.  During  flushing,  clean  water  was  observed  leaving  both 
radiators. 

5.7.5.  Fill  Rate  Test.  In  order  to  fill  the  radiator  to  90  percent 
capacity,  an  average  fill  rate  of  0.29  minutes  was  recorded  by  both 
radiators. 

5.7.6.  Maximum  Free-Flow  Rate  Test.  After  coolant  flow  was  stabilized,  an 
average  measurement  of  52.8  GPM  was  recorded  for  radiator  sample  #1  and  57.7 
GPM  was  recorded  for  radiator  sample  #2.  Combining  test  runs  from  both 
radiators  produced  an  average  maximum  free-flow  rate  of  55.3  GEM. 

5.7.7.  Pressure-Cap  Test.  The  pressure  caps  of  both  radiator  samples  were 

tested  and  measured  9.9  psi  and  10  psi,  respectively. 

! 

5.7.8.  Heat-Transfer  and  Core-Resistance  Tests.  Four  test  runs,  out  of  a 
total  of  18,  were  removed  from  the  final  analysis.  These  four  runs  did  not 
meet  the  5  percent-difference  specification  between  air  heat  rejection  and 
coolant  heat  rejection.  Test  data  showed  that  the  radiator  met  the  cooling 
requirements  of  the  vehicle's  powerpack. 

5.7.9.  Final  Pressure  Test.  Radiator  sample  #1  did  not  show  any  signs  of 
leakage.  Radiator  sample  #2  had  repairs  on  the  fillerneck  but  still 
maintained  a  amall  leak.  This  leak  was  measured  to  be  approximately  997 
ml/min  (0.263  GPM) . 

5.8.  Discussion  of  Results  i 

The  resulting  core-resistance  data  may  look  suspicious,  as  it  does  not  agree 
with  those  values  found  in  MIL-R-45306C.  It  therefore  must  be  reiterated 
that  this  specification  was  used  solely  as  a  test  parameter  design  guide,  and 
not  as  a  performance  guide.  The  resulting  core-resistance  data  derived  from 
this  testing  did  provide  adequate  cooling.  If  restriction  on  the  radiators 
were  too  great*,  tnen  the  cooling  requirements  of  this  radiator's  cooling 
system  would  likely  not  have  been  met.  The  results  of  the  heat-transfer 
testing  proved  tu?t  this  vehicle's  cooling  requirements  were  met  by  this 
radiator  design. 

5.9.  Other 

Vibration  and  pressure-cycle  tests  were  not  included  in  this  test  plan7. 

These  tests  are  destructive  tests,  and  the  radiator  samples  that  were  used 
during  testing  were  on  loan  to  TACCM.  These  tests  are  also  known  as 
structural  tests,  not  performance  tests,  and  the  purpose  of  the  testing  was 
to  determine  performance  requirements.  / 
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M1L1TAKY  SPECIFICATION 

EADIATOES,  ENGINE  COOLING,  ZXDCSTtZAL 

This  « pacification  is  approved  for  use  by  all  Departments  and  Agencies 
of  the  Department  of  Defense. 

1.  SCOTS  -  '  ;  .  ' 

1.1  Scope.  This  specification  covers  coolant  radiators  for  liquid-cooled, 
industrial,  internal-combustion  engines  of  10  horsepower  and  above. 

,W  ;  *,  ■  ■  _  .  ‘  •  •  ••  , 

1.2  Classification.  The  radiators  shall  be  of  the  following  types,,  as 

specified  (see  6.2}:  "  ^  0- 

*  -  ;  .  *  ;  *  • 
Type  Z  -  Soldered- tank  radiator.  *  ~  '  *'  > 

Type  XI  Bolted-tank  radiator  vith  replaceable  core. 

2.  APPLICABLE  DOCUWWTS  '  : 


2.1  Cove 


t  documents. 


2.1.1  Specifications  and  standards.  Unless  otherwise  specified  (see  6.2),  the 
following  specifications  and  standards  of  the  issue  listed  in  that  issue  of  the 
Department  of  Defense  Index  of  Specifications  and  Standards  (DoDISS)  specified  in 
the  solicitation,  form  a  part  of  this  specification  to  the  extent  specified 
herein. 


SPECIFICATIONS 

FZDEXAL 


W-L-800 


-  Lubrication  Oil,  Ceneral  Purpose,  Preservative 
(Water-Displacing,  Low  Temperature). 


PPP-B-401 

ppp-b-636 


MXL-S-43304C 


MILITARY 


lorn,  Wood,  CleatadHPlywood « 
is.  Shipping,  ribnfeotrl. 


MIL- P-1 16 
MIL-C-5501 

KIL-G-12803 

KIL-T-22085 


hiMmtiM,  Methods  of* 

Cap  and  Plug,  Protective,  Dost  ami  Moisture" 
Seal. 

Casket  Material,  Mo— atallic. 

Tape,  Pressure-Sensitive,  Adhesive, 
Preservation  sad  Seelies 


STANDARDS 


M1LZTAKT 

MIL- STD-105 

MIL-^TD-129 

MIL-STD-130 

MIL-5TD-889 

MIL-STD-1188 

MS35773 

MS35884 


■  ■  •  ->  . 

.  •  !»  :^,-4.T-.  Vr  *  r:  W1' •.* 

7  Sanpling  Procedures  eed  Tables 


for 


Inspect!—  by  Attributes. 

-  Marbles  for.  Shi— set  aed  Storage.  * 

-  Identification  Markins  of  OS 
Military.  Property. 

-  Dissiadlar,  Metals. 

-  Ccurcisl  Packaging  of  Supplies* 
sad  Equ  ipmsee.  . 

-  Radiators,  Casino  Coolies*  Industrial. 

-  Cores,  Radiators,  tngine  Coolies, 
hAutriil. 


.  (Copies  of  spec ificst ions,  and  standards  required  by  contractors  ie  connection 
with  specific  acquisition  functions  should  be  obtained  fr—  the  con tract ins 
activity  or  as  directed  by  the  coetractins  officer.) 


2.2  Other  publications.  The  follovins  docunent(s)  fora  a  part  of  this 
specification  to  the  extent  specified  herein.  The  issues  of  the  doc  uneats  vhich 
/sre  indicated  ss  DoD  adopted  shall  be  the  issue  listed  in  the  current  DoDlSl  and 
the  supplement  thereto,  if  applicable. 


AMERICAN  NATIONAL  STANDARDS  INSTITUTE  (ANSI) 

*  ANSI/ASTM  8-36  -  Brass  Plats,  Sheet,  Strip,  end  tolled  Bar, 

AMSI/ASTM  B-152  -  Copper. Sheet,  Strip,  Plate,  bed  lolled  Bar. 

(Application  for  copies  should  be  addressed  to  the  A—ricsa  National  Standards 
.  ..Institute,  Inc.,  1430  Broadway,.  New  York,  NY  10018). 

AMERICAN  SOCIETY  ?0R  TESTIMC  AND  MATERIALS  (AST*) 


A308  -  Twine  Plates. 

(Application  for  copies  should  be  sddressed  to  the  Aneriean  Society  for  Testing 
and  Materials,  1916  Race  Street,  Philadelphia,  PA  19103.) 


.  m-B-43306C 


( Industry  uieeiitiea  specifications  end  standards  srs  generally  available  for 
reference  free  libraries.  They  are  also  distributed  among  technical  (roups  sad 
using  Federal  agencies.) 

2.3  Order  of  precedence,  In  the  event  of  a  conflict  between  the  text  of  this 
specification  and  the  references  cited  herein,  the  text  of  this  specification 
shall  take  precedence. 

* 

3.  RJEQUIRZK I1TJS 

3.1  Description.  The  radiators  and  cores  shall  be  as  shove  on  MS35773, 

MS 35884,  sod  as  specified  herein. 

* 

3.2  First  article  (first-produced-  radiator  and  core)..  The  contractor  shall 
furnish  one  or  store  radiators  and  cores  as  specified  (see  6,2} ,  for  examination  ' 
and  tests  within  the  time  fraaa  specified  (see  6.2),  to  prove  prior  to  starting 
production,  that, his  production  methods  will  produce  radiators  and  cores  that 
comply  with  the  requirements  of  this  specification.  Examination  sad  tests  shall 
be  ss  specified  in  Section  4,  and  unless  otherwise  specified  herein,  all  *  • 
examination  and  tests  shall  be  conducted  by  the  contractor  subject  to 
surveillance  and  approval  by  the  Government  (see  6.3).  When  specified  (see  6.2), 
the  Government  will  conduct  say  or  all  of  the  preproduction  examination  sod  tests. 

%  .  *  * 

3.3  Materials.  Materials  shall  be  as  specified  herein  and  ss  shown  on 

applicable  standards.  Materials  not  specified  shall  be  selected  by  the 
contractor  and  shall  be  subject  to  all  provisions  of  this  specification  (see  6.5). 

•  •  • 

3.3.1  Copper  tubing.'  Tubes  shall  be  copper,  red  brass,  or  naval  brass  with  85 
percent  copper  and  15  percent  sine.  Tubing  shall  not  be  subject  to 
dexincification  and  resultant  corrosion. 

3.3.2  Sheet  copper.  Sheet  copper  for  fins  shall  conform  to  AMSI/ASTM  8152. 

3.3.3  Sheet  brass.  Sheet  brass  for  tanks  and  header  pistes  shall  conform  to 
ANSl/ASTM  B36. 

3.3.4  Tcnte  piste.  Terae>  piste  for  side  eembers  for  type  1  radiators  shall 
conform  to  ASTM  A3 08  Terne  Plate,  with  LT-35  coating  thickness  ss  s  minimum. 

3.3.5  Casket.  Casket  material  shall  conform  to  Mll-C-12803,  Type  I,  identifi¬ 
cation  msber  P1161A. 

3.3.6  Dissimilar  Metals.  Dissimilar  metals  sr,  defined  in  MIL-STO-889  shall 
not  be  used  in  intimate  contact  without  suitable  protection  in  order  to  prevent 
or  minimise  gslvsnie  corrosion. 

3.3.7  Identification  of  materials  and  finishes.  The  contractor  shall  identify 
the  specific  materiel,  material  finish,  or  treatment  for  use  with  components  and 
subcomponents.  This  information  shall  be  available,  upon  request,  to  the 
contacting  officer  or  his  or  her  designated  representative. 
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J.J.f  jUttriil  deterioration  — d  control!  Dm  ri^Uton  »I»U  b*  fabricated 
from  compatible  materials,  inherently  corrosion  raaiataaC  o »  treated  to  provide 
protection  agsinst  the  various  tone  of  corrosion  and  deterioration  that  May  be 
encountered  in  aoy  of  the-  applicable  storage  asd  operating  environments  to  which 
the  item  may  be  exposed. 

3.4  Fins  sad  tubes.  The  core  assembly  shall  be  of  the  tube  and  plate- fin 
construction  with  the  fins  perpendicular  to  sod  in  close  contact  with  the  tubes. 

• ‘■A*-—-. 

J.J  *  Performance. 

_3.5.1»  Heat  rejection  and  core  resistance.  The  heat  rejection  and  core 
nsiitancc  curves  of  the  test  core  shall  be  compared  with. the  corresponding  heat 
rejection  and  core  resistance  curves  of  the  standard  core.  A  fan  curve  at 
■standard  air  density  (0.075  lba/cu.  ft.)  shall  be  drawn  through  tho  standard  core 
resistance  points  at  the  1500,  1800  and  2100  faat  per  nitrate  air  velocity 
►  ppints.  The  point  at  which  the  fan  curve  intersects  the  test  core  resistance 
curve  shall  be  projected  onto  its  respective  heat  rejection  curve.  When  compared 
to  the  standard  core  values,  the  projected  core  values- shall  conform  to  the 
values' stated  on  sheet  A  of  MS35773. 

s  %  * 

3’J^J  Heat  rejection  comparison.  The  comparison  between  heat  rejection  (air 
gain)  and  .heat,  rejection  (water  loss)  shall  not  exceed  5  percent. 

.  *  \ 

3.5.3  Distortion.  When  tested  aa  specified  in  4. 5. 2. 3,  the  radiator  and  core 
shall  show* no  leakage  or  permanent  distortion  exceeding  1/8  inch. 

0, 

3.3.4  vibration  and  leakage.  The radiator  or  core  when: vibrated  as  specified 
in  4. 5. 2.4  at  the  moat  critical  resonant  frequency  shall  show  no  evidence  of. 
structural  daauge,  seepage,  or  leakage. 

3.6  Identification  marking.  Radiators  and  type  IX  cores  shall  be  identified 
in  accordance  with  MIL- STD- 130.  A  metal  identification  plate  shall  be 
permanently  affixed  to  the  side  of  the  top  tack  of  each  radiator  near  the  water 
inlet.  In  addition,  a  metal  identification  plata  shall  be  permanently  attached 
to  the  side  of  the  type  II  core.  Harking  shall  include  the  following  information 

Military  standard  radiator 

MS  part  number 

Manufacturer's  nane  or  trademark 


3.7  Finishing  and  painting.  Unless  otherwise  specified  (see  6.2),  the 
r» diator  and  core  shall  be  finished  and  painted  in  accordance  with  the 
contractor's  standard  practice. 

3.8  Type  I.  The  type  I  aoldered-tank  radiator  shall  be  as  shown  on  MS35773, 
part  numbers  -1,  -2,  -3,  -9  or  -10,  as  specified  (see  6.2). 

3.9  Type  II.  Bolted-r ’ink  radiator  with  replaceable  core,  type  II,  shall  be  as 
shown  on  MS  35773,  part  numbers  -4,  -5,  -6,  -7,  or  -8,  as  specified  (see  6.2). 
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3.10  Workmanship. 

■  *»* 

3.10.1  Cleaning.  Thm  completed  radiator  and  cores  shall  be  c leased  sad  free 
from  defect i  such  as  dirt*  saad,  metal  chips,  rust,  cracks,  and  other  foreign 
materials  or  defects  that  could  impair  their  serviceability.  Water  from  the 
cleaned  radiator,  or  cores  shall:  not  show  a  "pH"  change  of  greater  than  1,  the 
chloride  content  shall  not  exceed  73  parts  per  million,  nor  shell  there  be  e 
change  in  chlorine  content  no  greater  than  75  parts  per  million  when  compared 
with  voter  before  rinsing. • 

« 

3.10.2  Soldering.  Soldering  of  the  overflow  tube  to  the  filler  neck  end  the 
filler  neck  to  the  radietor  Cop  tank  shall  not  interfere  with  the  proper 
operation  of  the  pressure  cep.  In  the  event  any  soldering  is  done  to  parts  after 
the  radiator  or  core  has' been  cleaned,  the  radiator  or  core  shall  be  cleaned 
again  after  the  soldering  operation. 

*  :  ’  *  ,•  ■*  -.e  '.-.vf.-  v v. - .v.  • 

-.v.  i.  ‘  ’ 

3.10.3  Header  plates.  ~The  gasket  area,  the  eorresponHing  boltholes,  end  the 
boltheed  aria  of  the.  header: plates- used  on  type  XX  radiators  shall  be  free  o£  ’  . : 
solder  lumps  and  a  water  resistant  nonhardening  cement  shall  be  used  on  the 
gaskets  when  the  core  is: assembled  to  the  tanka. 

■  .  -.r.v  -v..  .  '  .  _ 

4.  QUALITY  .AS SOTAHCE  PROVISIONS  *  ,  . 

4.1  Responsibility  for  inspection.  Unless  otherwise  specified  in  the  contract 
or  purchase  order,  the  contractor  ia  responsible  for  the  performance  of  all 
inspection  requirements  as  specified  herein.  Except  as  otherwise  specified  in 
the  contract  or  order, ‘the  contractor  may  use  his  own  or  any  other  facilities 
suitable  for  the  performance  of  the  inspection  requirements  specified  herein, 
unless  disapproved  by  the  Government.  The  Government  reserves  the  right  to 
perform  any  of  the  inspections  set  forth  in  the  specification  where  such 
inspections  are  deemed  necessary  to  assure  supplies  and  services  conform  to 
prescribed  requirements. 

4.1.1  Component  and  material  inspection.  The  contractor  is  responsible  for 
insuring  that  components  and  materials  used  are  manufactured,  examined,  and 

(tested  in  accordance  with  referenced  specifications  and  standards.  , 

4.1.2  Disassembly  inspection.  Failure  of  any  test  by  the  first-produced  »6del 
shall  be  cause  for  disassembly,  in  the  presence  of  a  •  Government  representative, 
of  the  first-produced  model  to  the  extent  necessary  to  determine  the  cause  of  the 
failure.  Each  disassembled  part  shall  be  examined  in  detail  for  compliance  with 
this  specification  in  regard  to  materials,  dimensions,  tolerances,  and 
vorkaanship.  Farts  not  complying  with  such  requirements  shall  be  rejected. 

4.2  Classification  of  inspection.  Inspection  shall  be  classified  as  fellows; 

a.  First-produced  radiator  inspection  (see  4.3). 

b.  Quality  conformance  inspection  (see  4.4), 

c.  Inspection  of  packaging  (see  4,6). 

4.3  First-produced  radiator  inspection. 


tat .1  - ^,..„ 
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4.3.1  hgU«jw.  The  first-produced  rtdlitet(i)  shall  ha 
ifaeifM  in  4.3.1.  Pramee  of  eee  or  more  defects  shallot  e 
of  all  first-produced  rkiatar(i). 


•o 

for  njactioa 


4.3.2  Tutt,  The  first-produced  rsdistor(s)  shall  ha  tested  as  specified  ia 

4. 3.2.1  through  4. 3. 2. 3.  failure  of  any  cast  shall  ho  cause  for  ptrfoniss  the 
inspection  specif lad  ia  4.1.2. 


4.4  Quality  conformance  inspection. 

4.4.1  Sampling.  5 moy ling  for  essnination  aad  taste  shall  ho  ia  accordance 
with  MXL-STIW05,  Inspection  Laval  IX. 

4.4.2  gemination. 

a 

4.4. 2.1  Semples.  Samples  salactad  ia  accordance  with  4.4.1  shall  be  -examined  . 
aa  specified  ia  4.3.1.  AQL  shall  be  2.3  percent  defective  for  oojor  defeeta  and 
v,  4  percent  defective  for  oinor  defects.  .  » 

*  4.4’. 3  Testa. 

• 

'  4. 4. 3.1  Saoples.  Saoples  selected  in  accordance  with  4.4.1  shall  be  tested  ea 
‘specified  in  4. 3. 2.1  through  4. 3. 2. 3.  AQL  shall  be  2.3  percent  defective  for 
najor  defects  sod  4  percent  defective  for  ninor  defects. 


4.5  Inspection-  procedure. 

4.5.1  gxaminatlon.  The  radiators  or  cores  shall  be  essoined  for  the  following 
defects: 


101.  Dioensions  not  aa  specified. 

102.  Material  not  as  specified. 

103.  ?  Jtring  not  ss  specified. 

104.  ericle  src  not  corrosion  resistant  or  treated  to  be  made  corrosion 
»_ distant  for  the  applicable  storage  and  operating  environments. 

103.  Dicsittilar  metals  as  defined  in  MIL-STD-8S9  are  not  effectively 
insulated  frost  each  other. 

104.  Contractor  does  not  have  documentation  available  for  identification 
of  naterial,  material  finishes,  or  treatments.  . 

Minor 

201.  Identification  narking  incorrect  or  illegible. 

202.  Cleaning  not  as  specified. 

203.  Vorkaanship  not  as  specified. 


4.5.2  Tests 
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..  •  I'.vj.— ^  -”  i** 

4. 5.2.1  Conditions.  The  folieviageseditieos  shell  apply  during  the  esses 

porfamd  ia  accordance  with  tfeir  tfelfititlw  ee  complete  radiators  sad  ee 
radiator  eons  wbea  ebay  an  far  had  separately*  ladiaeor  cons  furnished 
separately  ahall  be"  tested  ia  fisions  vfcich  simulate,  for  test  purposes,  tba  top 
aad  bottoa  radiator  teaks*  r’  - -  *-V- 

•  .* :  •,  .**•*•■•;  ■  ..v  ;•  ■  *v  -  *  -  *. 

4. 5. 2. 1.1  Supports.  Tba  radiator  or  eon  shall  ba  supported  ©a  its  noraai 

points  of  support  aad  shall  not  ba  supported  oa  a  eradla  or  bracket  which  in  sap 
wap  nstrains  tba  possible  distortion  of  tba  radiator  or  eon  whan  under  • 
pressure.  V  - 


4.5. 2. 1.2  Equipment.  *  Tba  test  radiator  or  ten,  aa  applicable,  shall  be 
•ousted  on  e  test  stand.  A  cirnlitkp  pop  shall,  ba  used  to  maintain  sn  even 
temperature  in  tba  voter  reservoir.  A  flow  poop  ad  piping  shall  ba  used  to 
provide  water  to  the  test  radiator  or  eon  and  a  throttling  valve  shall  be  used 
to  regelate  the  flow  to*  tba  desired  rate A  variable  speed  fas  or  sd jus.tsble 

dasMMri  or  louvers  shsll  regulate  Kha  airflow  to  tha  test  radiator  or  core. 

..  r  - ...  c  V  . 

*  4. 5. 2. 1.5  Instrumentation.  Instrumentation  shall  be  provided  to  perform  the 
following  functional  ' 

.  .•*;  ‘5r-  ■•*.»•  . 

a.  To  Measure  the  temperature  ia  the  waterlina  at.  inlet  and  outlet  to  test  t  ’  . 
radiator  or  core. 

b.  To  Measure  airflow  in  the  airduct.  (When  an  orifice  is  used  to  measure 
the  airflow,  a  Manometer  ahall  be  connected  upstream  from  the  orifice  to 
indicate  tha  static  pressure  in  the  duct.) 

c.  To  measure  the  pressure  drop  or  tba  resistance  to  airflow  across  the  core. 

d.  To  measure  the  temperature  of  tba  airflow  oe  each  side  of  the  core. 

V.  "  «**“  **  "  *  .  ' 

4.5.2. 1.4  Control  limits  end  daga  observations.  The  observed  data  ahall  be 
recorded.  All  points  for  each  test  ahall  be  recorded  only  after  all  variables 
have  been  stabilised.  The  degree  of  stabilisation  and  accuracy  of  observation# 
ahall  be  acceptable  if  the  heat-rejection  comparison  conforms  to  3.5.2. 


4. 5. 2. 1.5  Coolant.  The  coolant  shall  be  water. 

4.5.2. 1.5.1  Coolant  temperatures.  The  temperature  of  the  water  entering  the 
test  section  shall  be  between  170®  F  and  210*  F. 


4.5. 2. 1.6  Heat  rejection.  The  heat  rejection  test  shall  be  aade  using  one  of 
the  following  test  methods. 

4.5.2. 1.6.1  Heat  rejection,  test  method  (a).  The  core  section  shall  be  tested 
in  the  wind  tunnel  at  the  100  percent  waterflow  rats  and  at  125  percent  of  the 
rated  waterflow.  If  these  selected  values  are  sot  possible  the  core  shall  be 
tested  at  not  less  than  three  waterflow  rates  which  bracket  the  100  *-nd  125 
percent  rate  for  each  radiator  size.  At  each  waterflow  rate,  the  beat  rejection 
shall  be  determined  at  not  less  than  four  air  velocities  overlapping  the  range  of 
1,500  to  2,100  feet  per  minute  aa  indicated  on  sheet  7  of  MS35773.  The  heat 
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rejected  by  the  water  and  th*  baat  gained  by  eh*  air  shall  b«  sepucacely 
calculated  at  aach  teat  condition.  A  performance curve  shall  bs{^h£ttd  —  shown 
on  KS35773,  rigor*  1  or  2,  as  applicable.  Th*  hast  rejection  and  cor*  rees—taoce 
▼slues  at  1,500,  1,800,  and  2,100  £e«t  per  minute  air  velocity  staL2l  b*  tahssa 
trass  the  performance  cure*  and  recorded.  Th*  difference  between  cite  test 
and  standard  cor*  data  shall  b«  checked  for  conformance  to  3.5.1. 

A. 5.2.1. 6. 2  Heat  rejection,  alternate  test  method  (b).  When  ettae same  earn* 
section  is  used  for  nor*  than  one  radiator  type  and  sice,  vatarfbem ratam  amd 
air-velocity  rates  which  overlap  th*  entire  range  of  required  cotaLfcicraa  anosll  be 
chosen  for  test  points  on  tb*  sample  cor*.  All  th*  sir  velocities*  shell  hoe 
tested  «t  each  chosen  vaterflow  rets.  These  results  shell  be  placed  as  thrown  on 
MS35773,  figure  1  or  2,  se  applicable.  The  varying  vaterflow  rams  in  gelUkons 
per  ninut*  can  he  plotted  ee  a  parameter  on  these  curves.  From  :ttaae  curve—,  a 
cross  plot  cap  be  nad*  with  heat  rejecti.-n  in  Btu/minuta  as  the -ordinate 
vaterflow  rates  aa  tb*  abscissa,  and  air  velocity  lines  of  1,500,11800,  end 
2,100  feet  per  minute  as  the  parameter.  From  this,  cross  plot,  the requirnA* 
values  can  be  obtained  and  recorded.  The  date  thus  obtained  shall  he  congested  to 
the  standard  core  values  of  HS35773,  Figures  1  and  2,  as  applics&hm-  The 
difference  between  the  test  data  and  standard  core  data  shall  beO^ckt  4  £ur 
conformance  to  3.5.1.  ■ 

4. 5. 2. 1.7  Air  flow.  Air  flow  through  the  test  core  section  stall  b*  fix— 
either  side.  • 


4. 5. 2. 1.8  Air-pressure-drop-corrections.  The  air-pressure-Atop  meaeuneaents 

shall  be  corrected  to  standard  conditions  by  use  of  the  following  formulae 


APe  •  Corrected  drop,  in  Qfa. 
£p  “  Measured  drop,  in  H^O. 


/ 

f. 


•  Inlet  sir  density,  Untie u.  ft. 

“  Standard  sir  density,  Q.075 
UWcu.  ft. 


4.5.2. 1.9  Vibration.  Ths  radiator  shall  be  filled  with  tapveema  for  ti—  test 
specified  in  4. 5. 2. 4.  The  radiator  shall  be  supported  as  speciiedc  in  AJSJ2.1.1 
and  securely  fastened  to^a  rigid  mounting  bracket  which  shall  be  fctalted  tn»  the 
vibration  table  to  insure  that  the  motion  of  the  radiator  shall  Mae easenfc— lly 
the  same  aa  the  motion  of  the  platform.  Means  shall  be  provided  ffir  conhmolling 
the  direction  of  vibration  of  the  test  machine  and  for  adjusting— d  measuring 
frequencies  and  amplitudes  of  vibration  to  keep  them  within  prescribed  Ifmfrra. 


4. 5. 2. 2  Heat  rejection  and  core  resistance.  The  radiator  or  com,  am 
applicable,  shall  be  tested  as  specified  in  4.5.2. 1.6  based  on  nsAmd  heart 
rejection  as  defined  in  6.4.12.  These  values  asy  be  determined  com  a  squat— -foot 
basis.  These  values  shall  then  be  corrected  to  the  ares  in  equarrm  feet.. 
Nonconformance  to  3.5.1  shall  constitute  failure  of  this  test. 
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-*405«2.3  PrtMuri  cycling.  The  complete  radiator  shall  be  tested  with  all 
outlets  closed.  Pressure,  variable  free  atmospheric  to  150  percent  of  cap 
pressure  not  exceeding  18  psif ,  shall  he  applied  at  the  islet  using  air,  steam  or 
glycol  and  shall  be  staintained  at  a  temperature  of  at  least  212*  F  during  the 
test*  When  stem  is  used,  means  shall  he  provided  to  pravesc  the  accumulation  of 
eater.  The  pressure  cycling  shall  take  place  ie  3  to  4  seconds  and  at  a  rate  of 
6  pressure  cycles  plus  or  aiaus  1  cycle  per  minute.  The  radiator  shall  be  cycled 
to  a  minimal  of  50,000  pressure  eycles.  The  radiator  shall  be  examined 
periodically  for  evidence  of  leakage  or  distortion*  Only  tube  leeks  and 
tube- Co-header  leaks,  not  to  exceed  three,  shall  be  repaired  or  plugged  before 
continuing  the  test.  Any  evidence* of  leakage  or  permanent  distortion  of 

Cmore  than  1/8  inch  shall  constitute  failure  of  this  test. 


A. 5. 2. A  Vibration.  - 

-  •  V  V-  s,;’  *  ■* 

-?  ■  4^5. 2. 4*.  1  Resonance  survey.  The  radiator  which  has  been  tested  in  accordance 
r-vit£. 4*5a2o3  may  be  rebuilt  or  another  radiator  may  be  used  •for  this  test.  The 
7| radiator  shall  be  tested  for  leakage  prior  tostartof  this  test.-  The  radiator 
r-.shell  he  prepared  in  accordance  with  4.5.2. 1^9  and  vibrated  at  frequencies  from 
y  1*0  eps  to  33  eps  at  the  table  displacessenta- specified  in' table  X.  The  change  in 
•  frequency  shell  be  made  at  intervals  of  1  eps  and  maintained  at  each  frequency*  _ 
"  for  1  minute.  Xf  resonance  occurs  at  any  point  in  the  specified  range,  the 
'frequency  of  vibration  at  that  point'  shall  become  Che  test  condition  for 
4. 5. 2.4. 2. 


4. 5. 2. 4. 2  Procedure.  This  test  shell  be  run  after  completion  of  4. 5. 2:4.1  if 
.~_i»o  leaks  are  observed.  The  radiator  shall  be  vibrated  for  not  less  than  24  hours 
’at  the  moat  critical  resonant  frequency.  Xf  no  resonance  wee  observed,  this  test 
shell  be  performed  at  33  cps  at  the  displacement  referenced  in  table  1. Th« 
radiator  shall  be  periodically,  examined  during  the  test  for  evidence  of  seepage 
and  leakage.  Nonconformance  to  3.5.4  shall  conatitute  failure  of  this  test. 


Table  I.  Table  Displacement!. 


Total  table  displacement" 


inches 

0.066  *  0.006 
0.055  "  0.005 
0.040  ♦  0.005 


frequency  range 


eps 

10  to  15 
16  to  25 
26  to  33 


4.5. 2. 5  Washing  operation.  The  radiate?  or  cere  shall  be  filled  with 
distilled  water  or  tapwate?  of  known  pH  index  (see  6*4.13),  at  a  temperature  of 
80*  7  to  100*  F.  The  radiator  shall  then  be  shaken  to  assure  thorough  mixing  and 
then  allowed  to  stand  for  1  hour.  At  the  end  of  the  labour  period,  1/2  gallon  of 
the  contents  shall  be  drained  into  a  clean  container  and  tested  for  pB  change  and 
chloride  content.  Nonconformance  to  3.10.1  shall  constitute  failure  of  this  test 
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4.6  last 


4.6.1  <>iality  conformance  inspection  of  pack. 


4. 6. 1.1  Oait  of  product.  r  For  Cb«  purpose  of  inspection,  a  completed  pack 
prepared  for  shipment  shall  b«  considered  a  unit  of  produce. 


4.6. 1.2  Sampling.  Sampling  for  examination  aball  be  in  accordance  with 
MIL-STD-105.  t::- 


4.6. 1.3  Examination.  Samples  aelected  id  accordaoea  with  4. 6. 1.2  (ball  be 
examined  for  the  following  defaces.  AQL  aball  be  2.3  percent  defective. 


Materials,  net hods,  or  containers  not  as  specified  for  level  A  or  B. 
Each  incorrect  notarial,  method  or  container  shall  constitute  one 
defect.  ... 

Openings  into  radiators  or  replacement  core- assemblies  not  sealed  me 
specified  for  level'  A. ■  * 

Caskets  not  preserved*  as  specified  for  level  A.  * 

Contents  not  isobilised  within  bos  aa  specified  for'  level  A. 
box  closure  and  sealing  not  aa  specified  for  level  A. 

Radiators  or  replacement  core-assemblies  of  unlike  description 
packed  together  for  level  A  or  B.  •  • 

Quantities  packed  together  exceed  the  weight  limitation  of  the  box  Sen 
level  A  or  B. 

Preservation  or  packing  not  in  accordance  with  the  referenced  docuamsfc 
aa  specified  for  eomssercial. 

Marking  missing,  illegible,  incorrect,  or  incomplete  for  level  A,  B 
or  commercial.  > 


3.  PACKAGING 


5.1  Preservation, 
(aee  6.2). 


Preservation  shall  ba  level  A  or  commercial  aa  specified 


5.1.1  Level  A.  Unless  otherwise  specified  (see  6.2)  radiators  or  replacement 
core-assemblies  shall  not  require  application  of  a  contact  preservative.  When 
specified  (sec  6.2),  slush  or  flush  interior  of  radiators  replacement  cora- 
assemblies  with  W-L-800/to  insure  complete  coverage  and  thoroughly  drain 
excess.  Openings  into  radiators  or  replacement  core-assemblies  shall  be  sckieM 
with  tape  conforming  to  M1L-T-22085,  Type  IX  or  with  caps  or  plugs  of  the 
appropriate  size  conforming  to  MXL-C-5501.  The  filler  neck  cap  shall  ba  secure 
in  place  to  prevent  lose.  Caekats  for  each  replaceable  core  assembly  shall tfc 
protected  with  fiber board  stiffeners  and  shall  b«  preserved  in  accordance  with 
MIL-P-116,  Method  IC-1* or  ZC-3.  Each  radiator  or  each  replaceable  core-assmAHI* 
with  gaskets,  shall  then  be  placed  in  a  close-fitting  bos  conforming  to 
PPP-B-636,  class  weather  resistant,  grade  aa  applicable,  style  optional.  The 
contents  shall  ba  blocked,  braced  or  cushioned  as  applicable  within  the  box  an 
prevent  movement  or  damage.  Bos  closure  and  scaling  shall  ba  aa  specified  ±s r 


method  V  in  the  appendix  to  the  bo; 


— ..Ji;.. 
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sfe&ll  be  level  |>e'  Uv®l  S  ew  ceass'seisi':  a®  .apteifia*. 

'.t;- ~  ■  '•:■  '  p*-v'j ';:*-  •; •:.<••. •• 

’  g.2<,lv  tesv®V  A.  Ssdistere  of  life©  d-tsofiptis©  or  seplasaasar  g@s@=fi®a®*li@s-  - 
of  life®  denoslpeiosg,  prssas'i’sd  as  specifies!  is  5.1,  st&sil  b#  £®@®£imw  is  s 

eloM-^fittias-- mTcMfecaias  to  2?T*°3*4Ql$  smrmm  6yga9;«tfl«  optieaalg-:  ia  -;•. 
q®ffls£i£i®s  aoe'to  *sge®i  tfe®  weighs  lisitasiea  ©i  feba  Sm  tlmm®- m£  "■ 

strapping  shall  fee  is  aggord&asa  with  the  <§pp#©4£s  £®  Ste  b@g  @p®&iil£agi@®0 
i»  •- -*5s5£,.s.";  .  7.’  ’  ’’ .  .,  ’•  /  -  ;5  !•; '•  ■•jftSjftK  *  •>• 

g.2.2  ■'■  Lever'S.  Radiaton  or  rsplaeeaast  s@r®“M8@@bll®@  with  gastets'shall  ha 
peeked,  as  speeffitd  is  1. 2d  for  level. A  sssopS  that  bom®  shall  ha  dgMStig  typa® 


„ S'.2.3  ^Ceroeretal..* Badlators  or  topl&cornnt  c®r®“a®s®^li@s'wit&-,iasfc®S8f'v';^r;' 
pr@@@rye^T3®~i^«T?ie<g > is  5.1,. shall  be  pocked  is  s«e©^ds®ss  with-  M&iOT”liSi® 

k*i*  :■: '.  C  ‘ 


fctrajg*  f^z^Tjs&srr. 

>' . »4- :  jr- 


shall. be.  ia  oeeordeace  with. MXL-8T&-l29o  ’>  •./  ~-':rV’s  fv:«i 

:  •••  ■•  «*  •■  X,:':"  . V-CS:-? 

S43.2:  Ce^aaggial.  Merhisg  f©r  cemsreiai  pssksgiag  shall  te  is  as® 
.th  mirsm-nu 


6®1  Isggsded  use®  ■  Th@  radiators  covered  by  this  specifies!®® -w©  • 
us®  with  liquid-cooled  iasesneal  eoabustios  aegises  to  dissipsS©  thm  ha 
eeolaaSo  ".-..^-..V? 


--  *.  -*4  «. 


^«2  Ordering  data® 


.,  •  •'•  _  :/.J^.f 

Pr©e«reis®ae  dsei^eeta  should  spaeiff 


••a. '  .Title'*  euabasy  m&  date  of  this  spaeifieaSioso  .,«*  •: 

bB  D at®  of  issue  of  SoOISS  applieafel®  sad  @se@ptie®9  tharaS©  C®@®  2« 

e. '  Tfp@  of  radiator  or  cor@8  wtes  applie@&l@9  'r®^®ir®d  Cs«a  1.2)« 
d.  T isa  Iras®  required  for  sufesissi^s  of  fir®S”pr©<tes®4  radlstorCs! 

naber.  of  radiators  required  (see-  - 

th®  CovereasaS  .will'ceedues-  ssy  or  all  of  the’  pwpr@d©ge£®a  ®®d@l 
exmiMtiea  asd  tests®’  '  !fts®@  'she  will;'eaad®ee'- ®®w  e@Sr«-  - 

-  all  ©£  She  pr@pt@4«ss£©s  ea^iaetio®  md'teoSs*'  Ch®  e^t'ressis^  oSMges* 

■  should '’specify  «hieh  es^iss6ia>s  twA  cseto^viii  h®-e«d®st®4  by.  sh@ 

:, :  ;••'  % Govermtst .  *®d  vfai&h  ®nmin&t.iem  aad'CesCs.'shall  he.eoodgeSed  hy-.Sh® 
eoetraetor  (see  3.2).  '  ' 

f.  Tieishiag  aad  pointing  wfcea  othsr  tbas  is  spseifiei  (sea  3.2)® 
ge  Applicable  MS  pare  mesis«?  required  <s@s  3.S). 

h.  Applicable  MS  past  evm&st  r@q«irsd  (see  3d). 

i.  Degree  of  jresapyatie®  sad  degree  of  packing  required  (§®@  S.i  and  5.2). 

j. *  When  iaterior  ©f  radiator  ©r  replas^rest  eora^aBS^AIiss  &tm  t®  b® 

preserved  (se*  3.1.1). 
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fattd  internal  pressure.  f&«  rated  internal  pressure  shall  be  7  p®*g 
for  radiators  conforming  to  KS35773-1  through  -10® 

t.  a  f  cr-nd-rd  air.  Standard  air  shall  b«  air  at  a  tesperatur®  of  70*  f,  a 

<>*.  — «».  -  •  «~*w  •<  »•«»  »" 

cubic  foot.  ^  t  ••■_;  •  k 

6.4.3  tated  sir  velocity.  The  rated  air  velocities  shall  bn  thorn  Ueted  on 
sheet  7  of  MS35773.  -  ^  'H'  •  • 

&  /  a  b.*~a  rnolant  flow.  Tb®  rated  coolant  flew  shall  ba  tb®  flow  listed  oe 
sheet* 7  oFmS35773,  and  ibJll  bn  based  on  approsimately  a  10  I  drop  in  coolaut 
temperature  in  th«  radiator.  -t  » 

.  , _ _ _ ,...  .Kt.rkM<  tm  air  flow.  The  heat  energy 

pr^.f  th.  .iXc.^UU  h.«  o«  .ir.  - 

air  temperature  rise. 

Heat  energy  absorbed  by  air  flow  ■  VCp  A? 

V  *  air  flow  rate,  Ibn/Hiffl. 

Cp  <■  0.24  Btu/Lb«/*F 

At  "  air  temp  rise,  *F 

/ 

aaa  n-*r  rranaf*r  -  the  heat  rejection  from  water  flow.  The  heat  rejects® 
Mte7flM  is"7h®  prcduTTTTlbe  coolant  flow,  stifle  beat  of  coolant  an, 


Cp  •  1  Btu/Lfc@/*F 

At  ■  wseer  temp  drop,  *T 

6.4.7  Specific  heat  at  constant  pressure  of  water.  The  specific  beat  at  ^ 
constant  pressure  of  wa^TThall  be  based  on  the  average  water  temperature.  The 
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APPENDIX  B 

M915  RADIATOR  TEST  RESULTS  DATA 
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NOTES: 

1.  LEAKAGE: 

THE  RADIATOR,  WITH  ALL  OPENINGS  CLOSED, 

SHALL  NOT  LEAK  IN  EXCESS  OF  5  CUBIC 
CENTIMETERS  PER  MINUTE,  NOR  FROM  MORE  THAN 
ONE  LOCATION,  WHEN  SUBJECTED  TO  18  +  1 
PSIG  AIR  PRESSURE. 

2.  COOLING: 

RADIATOR  COOLING  PERFORMANCE  SHALL  MEET 
REQUIREMENTS  AS  SHOWN  IN  GRAPH,  WITH  INLET 
WATER  TEMPERATURE  180  +  5  °F. 

HEAT  TRANSFER  FROM  COOLANT  (STU/MIN/IO*)  AIR  RESISTANCE  * 


16000 
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0  600  1000  1500  2000  2600  3000 

AIR  VELOCITY  (FPM) 

•  STATIC  FRS8SUR8  (INCHKS  OF  (TESTED  4T  ITS,  IIS,  A  1U  CFM  COOLANT) 


3.  FILL  RATE  TEST: 

WITH  RADIATOR  OUTLET  PLUGGED,  THE  TIME  TO 
FILL  THE  RADIATOR  TO  90%  COOLING  SYSTEM 
CAPACITY  SHALL  BE  ACCOMPLISHED  IN  A  5 
MINUTE  PERIOD. 

4.  MAXIMUM  FREE  FLOW  RATE  TEST: 

WITH  THE  RADIATOR  SUSPENDED  BELOW  A 
RECEIVING  DRUM  AND  CONNECTED  TO  A  COOLANT 
FLOW  SYSTEM,  THE  MAXIMUM  FREE  FLOW  RATE 
SHALL  MEASURE  55+5  GPM. 

6.  PRESSURE  CAP: 

THE  PRESSURE  CAP  SHALL  MEASURE  10  PSIG. 


7.  FAILURE: 

FAILURE  TO  MEET  NOTES  1  THROUGH  4  WILL 
RESULT  IN  FAILURE  OF  THE  RADIATOR. 

8.  FINISH: 

PRIME  TO  BEST  COMMERCIAL  PRACTICE  AND  BE 
COMPATIBLE  WITH  MIL-£-528b3A  AND 
MIL-E-52798A.  COLOR  BLACK. 

9.  INTERNAL  CLEANLINESS: 

THE  RADIATOR  ASSEMBLY  SHALL  BE  CLEANED  AND 
BE  FREE  OF  DEFECTS  AND  FOREIGN  MATERIAL. 
AFTER  CLEANING,  WATER  FROM  THE  CLEANED 
RADIATOR  SHALL  NOT  SHOW  A  "pH"  CHANCE  OE 
(SWEATER  THAN  1,  AND  A  CHLORIDE  CONTENT 
INCREASE  OF  GREATER  THAN  75  PARTS  PER 
MILLION  WHEN  COMPARED  TO  THE  DDUCED  WATER. 

10.  REMOVE  ALL  BURRS  AND  SHARP  EDGES. 


NOTES  1,8,9,  &  10  TAKEN  FROM  5-TON  TRUCK  RADIATOR 
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Fill-Rate  Test  Results 

Time  to  Fill  to  90%  Capacity  (In  minutes) 

IesLRun  Radiator  #1 

Radiator  Jt  2 

1  0:30 

0:30 

2  0:29 

0:28 

3  0:28 

0:30 

Average  0:29 

0:29 

Table  B-l. 


Maximum  Free-Row  Rate  Test 

(Gallons  per  Minute) 


Test-Run  Radiator.  #1  Radiatoura 


1 

60.1 

58.9 

2 

71.7 

59.1 

3 

42.2 

47.5 

4 

65.3 

63.1 

6 

41.7 

58.9 

6 

46.8 

58.7 

Average 

52.8 

57.7 

Table  B-2. 
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Table  B~4.  Heat- Reject  ion  Data,  Radiator  Sample  #2 


BELVOIR  FUELS  AND  LUBRICANTS  RESEARCH  FACILITY  (SwRI) 

«aa  CULUKA  ROAO-P.O. DflAWIR  M10  PHA124M41Y1  SAN  ANTONIO.TEXAS  7V2M 


BFLRF 

File:  02-1955-180 
21  August  1990 


Commander 

U.S.  Army  Tank-Automotive  Command 
Atm:  AMSTA-RGT  (Ms.  Christine  Radlein) 

Wanen,  Michigan  48397-5000 

Subject:  Analysis  of  Fluids  Drained  From  Radiators 

Dear  Sir 

Two  fluid  samples  were  received  from  TACOM  for  analysis.  BFLRF  was  asked  to  identify  the 
fluids  if  possible.  The  samples  received  were: 


AL-19294-X  Sample  A,  From  Radiator  No.  1 

AL-19295-X  Sample  B,  Rom  Radiator  No.  2 


Since  the  two  samples  were  expected  to  be  the  same  with  the  exception  of  water  in  AL-19294-X, 
only  AL-19295-X  was  analyzed.  The  sample  was  analyzed  by  gas  chromatography  and  infrared 
spectroscopy. 

A  simulated  distillation,  using  gas  chromatography,  was  conducted  on  Sample  AL-19295-X  along 
with  two  known  samples  for  comparison.  The  two  known  samples  were  a  transmission  fluid  and 
a  light  machine  oil  (Singer  Sewing  Machine  Oil).  The  chromatograms  arc  given  in  Figures  1 
through  3.  Sample  AL-  19295-X  is  nearly  identical  in  boiling  point  distribution  to  the  two  known 
samples,  indicating  that  it  is  most  likely  a  light  weight  (approximately  10  weight)  oil  such  as  a 
transmission  fluid. 

Figure  4  is  the  infrared  (IR)  spectra  for  Sample  AL- 19295-X.  The  peaks  at  2920  cm  ',  1460 
cm'1,  and  1380  cm’*  are  consistent  with  the  peaks  from  C-H  groups.  The  other  minor  peaks  arc 
most  likely  due  to  trace  contaminants  or  additives.  The  peak  at  approximately  3420  cm'1  is  due 
to  water  in  the  sample. 
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AMSTA-RGT  (Ms.  Christine  Radlein) 
U.S.  Army  Tank-Automotive  Command 
21  August  1990 
Page  2 


In  conclusion,  the  data  indicate  that  the  fluids  received  from  TACOM  are  some  type  of  light 
weight  oil.  If  there  are  any  questions  concerning  the  analyses,  please  contact  Steve  Westbrook 
at  (512)  522-3185. 

Very  truly  yours, 

S  J.  Lestz,  Director 

S.R.  Westbrook 
Senior  Research  Scientist 

SJL/SRW/lap 

(SRW.BB) 

cf:  U.S.  Army  Belvoir  Research,  Development  and  Engineering  Center,  Attn: 

STRBE-VF,  Messrs.  M.E.  LePera  and  T.C.  Bowen 
Belvoir  Fuels  and  Lubricants  Research  Facility  (SwRI),  Attn:  Mr.  L.L.  Stavinoha 
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Figure  1.  GC  Simulated 
Distillation  of  Sample 
AL-19295-X 


t 

* 

S&20L 


a.ttL 

i 


iassj. 


20.00 _  1  ■  1 

0.  BO  1 23 

AT  in  ninutes 


_j _  '  _ '  ■  ■  •  ■  - _ I 

11 17  It.  90  23.  13  27. 79  92.  JB  37. 


Figure  2.  GC  Simulated 
Distillation  of  Automatic 
Transmission  Fluid 
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Figure  3.  GC  Simulated 
Distillation  of  Light 
Machine  Oil 
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